Adjacent intein fragments fused to a Snf2/Rad54 helicase-related protein and Snf2/Rad54 helicase were reported for Deinococcus radiodurans R1, leading to the speculation that a frameshift was required for splicing or that trans splicing occurred. However, a type strain (ATCC 13939, RF18410) yielded a single protein that splices by the Ala1 protein splicing pathway, with splicing dependent on adjacent residues.
Over 130 inteins have been identified in archaea, eubacteria, and eukarya (see InBase [5] at http://www.neb.com/neb/inteins .html). Inteins splice as proteins to form a functional host protein (the extein) and the excised intein. The protein splicing pathway (4) is initiated by an acyl rearrangement of the intein N-terminal Cys/Ser/Thr to form a linear (thio)ester intermediate. A trans-esterification reaction shifts the N-extein onto the side chain of the Cys/Ser/Thr at the beginning of the C-extein (the ϩ1 residue). The resultant branched (thio)ester intermediate is resolved by Asn cyclization. Another acyl shift converts the extein (thio)ester linkage to a peptide bond. Inteins without an N-terminal nucleophile use an alternate splicing pathway that differs only in the mechanism of branched intermediate formation (6) . Namely, attack at the N-terminal splice junction by the amino acid at position ϩ1 does not require prior formation of a (thio)ester. Inteins present at two conserved insertion sites splice by this Ala1 mechanism: the DnaB inteins exemplified by the Mycobacterium leprae intein and the KlbA inteins (5, 6, 8) . The Deinococcus radiodurans strain R1 Snf2/Rad54 helicase-related DR1258 and DR1259 genes (GenBank accession number AE001973) contain fragments of an intein beginning with Ala (7), leading to the speculation that a splicing precursor is formed after a frameshift or that this is a second example of a naturally occurring split intein (3, 5) .
Sequencing the D. radiodurans R1 Snf2 intein. Genomic DNA prepared from the D. radiodurans R1 type strain obtained from the American Type Culture Collection (ATCC 13939, RF18410) was a gift from John Battista (Louisiana State University). The D. radiodurans strain R1 Snf2 intein and partial extein sequences were amplified by PCR with forward primer 5ЈAAACTCCTCGAGCTCGGCAAACGC and reverse primer 5ЈGGTTTGAGGAGGTGGGCGAGGGT. The PCR product was directly sequenced in both directions at the New England Biolabs core facility. The sequence is identical to the published sequence (7) with the exception that this original type strain isolate has only one cytosine after the intein codon for Gln212, while the homologous DNA sequence published under accession no. AE001973 (ATCC 13939, RF78101) contains two cytosines. In the sequence published under accession no. AE001973, these two cytosines generate a frameshift mutation within the D. radiodurans strain R1 Snf2 intein, separating the Snf2/Rad54 helicase precursor into different open reading frame (ORF) products encoded by the DR1258 and DR1259 genes (7). In the newly sequenced isolate, the Snf2/ Rad54 helicase-related protein (DR1258), the intein, and the Snf2/Rad54 helicase (DR1259) form a single ORF product. This sequence difference could have arisen anytime during the 20 years separating the deposition of the two strains with the American Type Culture Collection. No experimental data are currently available that address the question of whether this Snf2 protein is essential or whether the two proteins from RF78101 are functional when expressed separately or after splicing in trans. Cloning and splicing of the D. radiodurans R1 Snf2 intein. The D. radiodurans strain R1 Snf2 intein (I) was cloned into a well-studied context with the Escherichia coli maltose binding protein (M) as the N-extein and part of Dirofilaria immitis paramyosin (P) as the C-extein (6) . Splicing and the presence of a single ORF were confirmed by observation of the predicted products generated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western blotting (data not shown) and by protein sequencing. A MIP precursor with a Genenase I (New England Biolabs) site preceding the intein yielded spliced MP and excised I (Fig. 1) . N-terminal sequencing (6) of the 29-kDa Genenase I digestion product of MP yielded the expected sequence spanning the splice junction (VLELGK//TVQTLN).
Since inteins sometimes exhibit preferences for adjacent residues and/or temperature-dependent splicing in heterologous exteins, various combinations of extein sequences were tested in vivo at 37 and 20°C (Table 1) . Constructs with Leu-Glu-Lys or Leu-Ala-Lys preceding the intein yielded mainly insoluble MIP precursor at 37°C. Expression of these precursors at 20°C eliminated the solubility problem and stimulated splicing when the C-extein sequence was Thr-Val-Gln-Thr. Low-temperature induction is thought to aid in folding. Changing only one amino acid to generate the native N-terminal splice junction sequence (Leu-Gly-Lys) also eliminated the solubility problem and yielded spliced product at both temperatures. Changing the C-extein residues from Thr-Gly-Leu-Asn to Thr-Val-Gln-Thr, which is more similar to the native sequence (Thr-Leu-GlnThr), also stimulated splicing (Table 1 , compare ϩ1 and ϩ4 samples).
Like other inteins, the D. radiodurans strain R1 Snf2 intein splices more efficiently when native extein residues are present, supporting the hypothesis that inteins have coevolved with their exteins to achieve efficient splicing. A single change at a position two residues before the intein (Gly to Glu or Ala) drastically inhibited splicing and decreased solubility. Although Glu has a bulky, charged side chain, Ala is very similar in physical properties to Gly. It is therefore likely that the structural flexibility of Gly is important for both overall folding of the precursor and formation of the active site.
The D. radiodurans strain R1 Snf2 intein is inserted into an abridged consensus P-loop, the nucleoside triphosphate-binding motif "A" site GXGK(S/T) (1). P-loop motifs are frequent intein insertion sites (5). P-loop motifs are extremely common, with the Pyrococcus horikoshii genome having over 150 (2) . Both the D. radiodurans strain R1 Snf2 intein and the M. leprae DnaB intein begin with Ala and are inserted into P-loops. However, besides the conserved motif residues, the flanking extein sequences are not similar and it is likely that the D. radiodurans strain R1 Snf2 intein represents a third insertion site for Ala1 inteins.
Nucleotide sequence accession number. The D. radiodurans strain R1 Snf2 intein sequence has been deposited in GenBank under accession number AF512685. LGK/ϩ1 N D a Splice junction residues present in the N-extein are listed by the single-letter amino acid code, and those in the C-extein are as follows: ϩ1, TGLN; ϩ4, TVQT. The native C-extein sequence is TLQT, and the native N-extein sequence is LGK.
b Results are given in molar percent of splicing or C-terminal cleavage products after expression at the indicated temperatures (average of two or more experiments). N-terminal cleavage products were not detected. ND, not detected.
